The low level of volatility observed in appraisal-based commercial property indices relative to other asset classes has been frequently noted and extensively commented on in the Real Estate finance literature. However, the volatility of such commercial property indices is only one source of information on the second moment of commercial property returns. The volatility of securitised property returns forms another potential source of information, though there is some uncertainty about how closely the volatility of securitised returns may match the volatility of the underlying asset. Each measure of volatility has a potential source of noise associated with it. This paper proposes a fundamental measure of volatility for the commercial property market by using a stochastic volatility model to filter out the signal in the different sources of volatility information. This allows for different measures of volatility to be decomposed into transitory noise and unobserved fundamental volatility. The suitability of such an approach and the properties of the underlying fundamental volatility series are analysed using data from the U.K. commercial property market.
Introduction
The nature and magnitude of risk in commercial property markets has been the subject of much debate in the literature. It is well known that an aggregate index of commercial property returns display much lower volatility than expected, implying prima facie, the risk/return profile of commercial property is highly appealing. Yet, it is also well known that portfolio holdings of commercial property are lower than implied by consideration of the first two moments alone. One reason suggested for this paradox is that the observed volatility of commercial property returns derived from valuation based indices is biased downward. This is the smoothing problem 1 (see for instance Blundell and Ward 1987 , Ross and Zisler 1991 , Geltner 1991 , 1993 .
At the other end of the volatility (and liquidity) spectrum are the observed returns of securitised property assets, such as REITS in the U.S. or listed property companies in the U.K. In this case the volatility of securitised assets is similar to equities and much greater than that of valuation based property indices. The link between the securitised property market and the underlying physical markets has also been a fertile area of research in real estate finance. While the debate on whether REITS or property companies are shares or property is an ongoing one, research suggests that there is a linkage between the two markets, albeit over longer time frames (Gyourko and Keim 1992) .
More recently information on the implied volatility of the real options associated with real estate assets has become available (Patel and Sing 2000) . This is another possible source of information on the volatility associated with commercial property investment.
Given these different observations on the volatility of commercial property, the question is asked: what is the nature of the common or fundamental volatility across the asset class? This question is of interest, if it is believed that a common set of information drives the volatility process across the securitised and unsecuritised commercial property market. The common information set is likely to include, for example, national or international macroeconomic factors. It is clear that for each observation on volatility discussed above there are potential errors, such as the downward bias in volatility and uncertainty about how to recover the underlying market volatility from the valuation index or the stock volatility factors that may be present in the volatility of REIT returns. For these reasons it may be desirable to not model the volatility of commercial property from one source alone. The need to be able to accurately model and forecast the volatility of commercial real estate as an asset class is central to issues such as asset pricing, portfolio allocation and risk management.
This approach to finding a common element of volatility for an asset (or asset class) 1 More specifically, the valuation or appraisal smoothing issue refers to the nature of valuers behaviour and how new information about the price of comparable transaction is incorporated into valuations (Quan and Quigley 1991, Geltner 1991) . The apparent downward bias may also arise from the aggregation of individual property valuations (Barkham and Geltner 1994, Brown and Matysiak 1998) .
follows the research of Hwang and Satchell (2000) on a fundamental volatility measure in equity markets. Their study decomposed the volatility measures related to the FTSE100 stock index 2 into transitory noise and a fundamental volatility using the multivariate stochastic volatility model of Harvey, Ruiz and Shephard (1994) . The present study applies a similar method to that used by Hwang and Satchell to estimate a common volatility measure for the commercial property asset class in the United Kingdom. To develop this approach, the literature relating to measurement of the second moment of commercial property returns is briefly reviewed in the next section. Following this the multivariate stochastic volatility model is described in Section 3 and an application to U.K commercial property data is contained in Section 4. Section 5 concludes the paper.
The Second Moment of Property Returns
The Investment Property Databank (IPD) index is commonly used in the United Kingdom for assessing the performance of the commercial property market and measuring the performance of fund managers. Figure 1 in the Appendix is a chart of the IPD index of total returns for commercial property (all property types included). A striking feature of the chart is the apparent smoothness of each series. The second figure in the appendix ( Figure 2 ) highlights this smoothness in the IPD series by plotting total monthly returns on the IPD All Property index along with the total monthly returns of the FTSE Property index (which is an index of the listed commercial property companies in the UK). The difference in volatility of the two different measures of returns is clearly seen in the chart. Monthly returns on the FTSE property index are far more volatile than those of the IPD index which appears to evolve slowly over time. The mean of the IPD return series is 0.84% with a standard deviation also of 0.84% (coefficient of variation of 1). In contrast the mean monthly return of the FTSE property index is 0.34% with a standard deviation of 6.26% (coefficient of variation of 18.45). Other important differences between the IPD index and the FTSE property index returns can be found in higher moments such as skewness and kurtosis. Table 1 reports that the IPD index returns are normally distributed, whilst the FTSE property index returns are not normal 3 . Figure 2 suggests that the non-normality of the FTSE property index returns is significantly affected by the 1987 market crash 4 .
2 Including the stock index, implied volatility from the options markets and the volatility on futures contracts. 3 Note, the summary statistics reported in Table 1 cover a slightly shorter sample period than is referred to above. 4 If the large negative observation of -37.31% for November 1987 is removed from the dataset, the mean monthly return for the FTSE property index is 0.56% and the standard deviation is 5.57%. By way of comparison, the mean monthly total return for the FT All Share index over this time was 1.09%, with a standard deviation of 4.93% (or 1.30% and 4.10% respectively with November 1987 omitted).
The smoothing debate
Such observations on the first two moments of commercial real estate returns are a common feature of international datasets. A recent paper by Corgel and deRoos (1999) provides a helpful summary of the literature relating to this topic. As part of their research they also note the large difference between the coefficient of variation for US indices of securitised and unsecuritised real estate. However, it is interesting to note the more extreme volatility of the UK securitised real estate index compared to the securitised market with reference to the much lower differences observed in deRoos and Corgel 5 .
To date much of the research on the observed volatility in commercial property markets has focused on the smoothing present in datasets. It is now well established that the downward bias in the volatility of valuation based indices results primarily from the behaviour of valuers or appraisers in conducting valuations, and temporal aggregation of valuations on individual properties (for instance Blundell and Ward 1987 , Quan and Quigley 1991 , Geltner 1991 , 1993 , Fisher, Geltner and Webb 1994 , Barkham and Geltner 1994 , Brown and Matysiak 1998 6 . An example of the work focused on valuer behaviour is Quan and Quigley (1991) , who develop a model of price determination in a property market with agents possessing different levels of information. The optimal behaviour of a valuer in this case is to smooth noisy transactions data. An algorithm for the updating of valuations is developed which essentially assigns a weighting to current transactions information and past valuations. However such actions do not completely explain the high level of smoothness in aggregate valuation indices. The effect of aggregating across properties and time periods may also account for a portion of the persistence observed in the indices. This point has been discussed by Barkham and Geltner (1994) and examined empirically using a sample of individual property valuation data by Brown and Matysiak (1998) . As understanding of the nature and causes of smoothing has developed, different means of correcting valuation based indices to recover market returns have been put forward. Essentially these correction methods fall into two groups depending on assumptions made regarding market efficiency. If real estate markets are viewed as fully efficient, an autoregressive filter is applied to the dataset to derive a white noise process. This process is then scaled using an arbitrary assumption about the relative magnitude of the second moments of real estate returns compared to equity markets. The alternative approach is to base a recovery model on the underlying model of valuers' behaviour to correct for the weight given to past valuations when individual valuations are made. To successfully implement this approach, knowledge of the smoothing parameter underlying the model is needed. The difficulty with this method is the choice of smoothing parameter, as the properties of the recovered series will be highly dependent of the value of the smoothing parameter chosen. Brown and Matysiak find little consistency in the likely value of this parameter when calculated for a selection of individual property valuations and also find that a time varying representation of this parameter may be most appropriate. Many of the issues surrounding recovery of property returns have been discussed in the comprehensive surveys by Fisher, Geltner and Webb (1994) and Corgel and deRoos (1999).
Securitised market returns
The above discussion highlights the difficulty of conducting research into the nature of risk in the commercial property market with valuation based data. However as discussed in the introduction to this paper, another observation on the volatility of commercial property markets is available from securitised property markets. There has been extensive debate about the appropriateness of drawing conclusions on the underlying property market from securitised returns (inter alia Liu, et al. 1990, Ambrose, Ancel and Griffiths 1992, Gyourko and Keim 1992, Liu and Mei 1992, Ling and Naranjo 1999, ). However, there is at least some evidence to find that securitised returns are either a hybrid asset (with characteristics of both stocks and property) or are integrated with the unsecuritised property market (Giliberto 1990, Gyourko and Keim 1992) .
While much of the research in this area has focused on the integration hypothesis, few studies have specifically investigated appropriate models of the second moment of securitised property returns. One study which examined the conditional second moment 7 of securitised returns on UK listed property companies was Bond and Patel (2000) . In this study the authors found extensive evidence of the predictability of the conditional second moment along with limited evidence of predictability in the conditional third moment. One limitation of the study by Bond and Patel was the exclusive focus on securitised market returns and how evidence on the predictability of the conditional moments could be generalised to the broader commercial property market. If the evidence on integration cited above is to be believed then the use of univariate models (for either market) may exclude valuable information contained across all commercial real estate markets. Giliberto et al. (1999) provided another example of the use of conditional volatility models applied to securitised real estate data (in the context of mixed asset portfolio allocations). The next section of the paper describes a multivariate stochastic volatility model of commercial property returns and the use of such a model in incorporating the information on volatility from the different observations on the property market. Also explored is the 7 And also the conditional third moment and the second order lower partial moment.
link between the assumptions made on how market returns are recovered from valuation based indices and the conclusions drawn on a common measure of volatility underlying the returns data.
A Fundamental Measure of Volatility
Finance theory allows for the obtained volatility of an asset to be decomposed into a permanent component based on fundamental information and a transitory 'noise' component. Well known studies, such as Shiller (1981) , have shown that changes in fundamental information cannot account for all of the movement observed in asset prices. This implies that there is a (possibly large) portion of the obtained volatility of an asset that may arise from the actions of noise traders in the market. Following the definitions used in Hwang and Satchell (2000) , the volatility in asset prices resulting from changes in fundamental information is defined as the fundamental volatility of an asset and that arising from the action of noise traders as temporary noise.
For each class of data discussed in the section above, elements of temporary noise will be present. In the case of securitised data, the action of noise traders operating in the financial markets is the most likely source. In the case of valuation indices, the effect of noise traders or informationally uninformed agents is perhaps more limited because of the smoothing action of valuers (as per the arguments of Quan and Quigley). However, such smoothing action may not completely remove this influence. There is also the possibility that in recovering market returns from valuation series an additional element of noise may be introduced.
As information arrives the underlying (permanent) fundamental volatility for each observed volatility of the commercial property market is expected to change in the same way. However, the transitory component of volatility for each form of observation on the commercial property market (resulting from noise trading or other idiosyncratic information) is unlikely to be shared across the different market information sets. In this analysis it is assumed that there is only one permanent component of the volatilities related to the commercial property market, while there may be several sets of transitory noise. The purpose of this study is to identify the fundamental (or permanent) component of volatility and examine the movements of this series.
The Model
In order to obtain the fundamental volatility, the stochastic volatility model (SVM) developed by Harvey and Shephard (1996) and Harvey, Ruiz, and Shephard (1994) is used 8 .
The SVM is useful for this analysis as it has been developed in terms of information arrival and is known to be consistent with diffusion models for volatility. Suppose that ε t represents the observed random residuals of a series. Then, the SVM suggested by Harvey and Shephard (1996) may be represented by
where ² t ∼ N (0, 1) and independent of η t ∼ N (0, σ η ), and σ is a positive scale factor. Note that F V t is the unobserved fundamental volatility process of interest. If |φ| < 1, F V t is stationary 9 .
Squaring (1) and taking logs gives the process
] is a zero mean, white noise process and (2) is not normal unless ² t is log-normal. In general, the distribution of ϕ t is not known, and quasi-maximum likelihood (QML) estimators of the parameters in (1) can be obtained by using the Kalman filter and treating ϕ t and η t as normal. As in Hwang and Satchell (2000) , it is assumed that the fundamental volatility process follows a mean zero AR(1) process and the level of expected log-volatility is captured in the measurement equation via µ. Thus, with the definition of V t ≡ ln ε 2 t , the SVM in (1) and (2) is
As discussed in Section 2, several different volatilities for property returns are available, including, the IPD index return volatility, the FTSE property index return volatility, and 8 Decomposition of volatilities may be carried out with GARCH models, but GARCH models are asymptotically consistent with SVMs under certain conditions. See Taylor (1994) for a comparative study on these two models. 9 Implying that the model can be generalized so that F V t follows any stationary ARMA process. However, there is a need to check if the stochastic volatility model is identifiable. In this study it is assumed that F Vt follows an AR(1) process. See Harvey (1989) for further discussion on the identifiability conditions.
implied volatility based on real options analysis. Since all these volatilities represent a risk related to the property market, there should be a common or fundamental volatility which explains these different volatilities. Therefore, for N volatility series,   
In this multivariate model, there is only one fundamental volatility process, while volatility levels are different across the N volatility series. Further details of SVMs (that is, multivariate SVMs and identifiability of the models) can be found in Hwang and Satchell (2000) .
An Application to U.K. Data
The model discussed in the section above is applied to data on the UK securitised and unsecuritised commercial real estate markets. To begin with univariate and then bivariate models are estimated using data from the IPD All Properties index and the FTSE Property index. Some results are also discussed when information on transactions is used along side the IPD and FTSE indices. However, this information relates to transactions data from the housing markets as there is some evidence to suggest that information about the volatility of the commercial property market may be contained in the information on housing transaction (see Gyourko and Keim 1992) . The IPD All Property index is a valuation based index which closely corresponds to institutional holdings of commercial real estate. At the beginning of 2001 around 2,700 properties formed the monthly IPD dataset, which is a subset of all properties recorded in the IPD database (around 14,000). The market value of the properties in January 2001 stood at £11.5bn ($16.5bn USD at current exchange rates). By both number and volume, retail properties form the largest group in the index accounting for 49.8% of the index by number and 44.0% by value, followed by office properties (26.1% and 33.6% respectively) and industrial (20.7% and 21.1% respectively). The monthly index is available from December 1986 to January 2001. In all 169 monthly return observations are available for analysis. However, the actual number of observations used in estimating the model is less than this as some observations at the beginning of the sample were lost when unsmoothing procedures were applied and this is discussed in the next section. Barkham and Geltner (1995) have provided an analysis of the sector composition of the FTSE Property index 10 , which is found to have a slightly different composition to that of the IPD index. The decomposition reported by Barkham and Geltner for the FTSE Property index is 52% of assets for office property, 29% for retail and 19% for industrial 11 . While more recent information on the breakdown of the FTSE index is not available, it suggests the conclusions arising from this study must be interpreted in light of the difference in index composition. Section 2.1 described the process of 'correcting' appraisal or valuation based series for the apparent downward bias in volatility. The next section discusses the application of two of the suggested unsmoothing procedures to the IPD index. However, when the multivariate stochastic volatility model outlined in Section 3.1 is estimated, it is applied to the original and the two unsmoothed series. This allows for consideration to be given to how the results are affected by the choice of unsmoothing procedure. Following the next section, estimation results are reported and the implication of these results are discussed.
Data Adjustment -Correcting for Smoothing
In this study two different unsmoothing procedures for the IPD index returns are allowed for. The first one is based on the proposals by Ross and Zisler (1991) and Geltner (1991) . This procedure makes the assumption that property markets are efficient and recovers the true returns, r t , from the following AR(p) model for any appraisal based returns 12 :
where ε t = αr t . In this model decisions have to be made regarding the number of lags (p) included in equation (5) and an appropriate value for α. Fisher, Geltner, and Webb (1994) suggest α = 2σ ε /σ M , where σ ε and σ M are the standard deviations of ε t and the stock market index returns, respectively. In this study, the following values of p and market standard deviation are used: p = 4, σ M = 4.912, which is equivalent to 17% in annual volatility. The estimates of equation (5) Holding and Development), however, the two series are found to be almost identical. All of the analysis in this paper is conducted for both the FTSE Property and the FTSE Real Estate series and the results are found to not to differ materially between indices.
11 It is not clear from Barkham and Geltner's Table 2 if this decomposition relates to value of assets or number of assets. 12 The unsmoothing procedure is applied to total returns as in Ross and Zisler (1991) . However, it is noted that other studies have applied the unsmoothing procedure to the capital portion of the returns only.
1993):
where α is a parameter. Therefore, with this model
, where α = 0.2 is used in this study. The perceived advantage of this approach is that it does not rely of the assumption of efficient markets, implicit in the pre-whitening filter from equation (5) . The use of α = 0.2 also deserves some attention. It is generally lower than that used in other UK studies such as Barkham and Geltner (1994) . However, the study by Barkham and Geltner used quarterly data, unlike the present study which uses monthly. Brown and Matysiak (1998) have noted the more persistent behaviour of monthly returns and the link between persistence and frequency of the data. As discussed in the next sections, the consistency of the results to assumptions made about the smoothing parameter are checked. This issue highlights the practical difficulty of working with appraisal based data. This study did not attempt to use time varying estimates of the smoothing parameter (as suggested by Brown and Matysiak 1998), and the possibility that misspecification is introduced in applying a fixed smoothing parameter model, when the true underlying one may be time varying, is noted. Table 1 reports the properties of the two unsmoothed IPD index log-returns. Except that the IPD Index log-returns, unsmoothed with the assumption of market efficiency have zero mean, the two unsmoothed IPD index log-returns have similar properties. When compared with the IPD index log-returns, the two unsmoothed IPD index log-returns show higher standard deviation and excess kurtosis and become closer to the properties of the FTSE Property log-returns. The most important difference between the unsmoothed returns and the original appraisal based index returns is the difference in the autocorrelation structure. The IPD index log-return series are highly persistent. On the other hand, the two unsmoothed log-return series are not persistent.
Results
The SVM is estimated for the IPD index and its unsmoothed return log-volatilities as well as the FTSE property index log-volatility. Log-volatilities for the four log-return series were calculated as follows. For the monthly log-returns, as explained in Section 3.1, ARMA(p, q) models with p = 0, 1, 2 and q = 0, 1, 2 were applied to each of these series. Using maximum likelihood values, Akaike Information Criteria (AIC) and Bayesian Information Criteria (BIC), an ARMA(2,2) was selected for the IPD log-returns, an ARMA(0,0) for the FTSE Property log-returns and the unsmoothed IPD (with Market Efficiency) log-returns, and an ARMA(1,2) for the unsmoothed IPD (without Market Efficiency) log-returns to calculate residuals (which are denoted by ε t in equation 1). In this study volatility was annualised by multiplying the monthly volatility by 12. Table 2 reports the correlation coefficient matrix for the log-volatilities. As expected, the IPD index log-volatility is highly correlated with its two unsmoothed log-volatilities, whilst the level of correlation between the IPD index log-volatility and the FTSE Property log-volatility is not high. The large variance of the FTSE Property returns reported in Table 1 , at least six times larger than the IPD index returns, suggests that although the correlation between the IPD index log-volatility and the FTSE Property log-volatility is not high, it may still be possible to find significant common volatility from these two (despite the fact that the FTSE Property log-volatility includes a high level of noise). As noted from the properties of log-returns in Table 1 , the two unsmoothed IPD log-volatilities have similar correlations obtained with the FTSE Property and IPD Index log-volatilities.
Tables 3a and 3b report the estimates of equation (3) for each of the four log-volatility series in Table 2 as well as those of the FTSE All-share log-volatility for comparison purposes. The estimates of the FTSE Property log-volatility in the first column of Table 3a show that the fundamental volatility obtained with the FTSE Property log-volatility is not different from a unit root process; b φ = 1.02. Although estimates for the FTSE Property logvolatility converged, the results do not show meaningful properties of fundamental volatility because the fundamental volatility is not a stationary process 13 . During the same period, the estimates of a SVM for the FTSE All-share index show that fundamental volatility is stationary and highly persistent; b φ = 0.93. Note that the estimated signal-to-noise (SN) ratio is 0.14, which suggests that the relative size of information captured in the fundamental volatility process is 14% to the transitory noise. The SN ratio for the FTSE All-share is much higher than that reported in Hwang and Satchell (2000) obtained using FTSE100 index daily log-returns. This is because monthly log-returns are temporally aggregated daily log-returns and thus some of the daily noise is averaged out through aggregation.
Analysis of the IPD index and its unsmoothed return volatilities show interesting differences (Table 3b ). The log-volatilities of the IPD index returns and the unsmoothed returns with market efficiency show similar estimates; the estimates of AR(1) coefficients are similar, 0.83 and 0.79, respectively, and the SN ratios are also similar, around 0.21. This means that the unsmoothing procedure has little influence on how the permanent component of volatility is modelled (apart from the volatility level). At first this may seem an unusual result. However, when it is observed that the conditional mean was removed from the time series of IPD returns to unsmooth the data (before applying a scale factor) and then using this white noise series to model volatility, it recognised that this procedure is similar to modelling the conditional mean of the unsmoothed series and then using the residuals to model the conditional volatility process. In the first case an AR(4) model was estimated to pre-whiten the smoothed IPD series, in the latter case an ARMA(2,2) model was used to estimate the conditional mean equation. The residuals obtained from such filters should produce residuals which are similar 14 . Note though that the intercept term in the second column of Table 3b is higher in the case of the unsmoothed series, reflecting the overall higher level of volatility.
On the other hand, the last column of Table 3b reports quite different estimates from those of the IPD and its unsmoothed return volatilities. That is, the volatility of the unsmoothed IPD index return without the assumption of market efficiency has a very large SN ratio (1.48), but its fundamental volatility process is not highly persistent, i.e., b φ = 0.21.
Tables 4a and 4b report correlation coefficients of the fundamental volatilities and transitory noises obtained in Tables 3a and 3b . The fundamental volatility obtained from the FTSE Property index is now highly correlated with the other three fundamental volatilities obtained from the IPD index and its unsmoothed return volatilities. Interestingly, some of the correlation coefficients of the transitory noises are very high between the IPD index and the two unsmoothed index return volatilities. This is because the SVM in Tables 3a and 3b is univariate model and does not extract common fundamental volatility for more than one log-volatility series. Figure 3 plots the fundamental volatility along with the observed volatility for the two unsmoothed IPD indices, the original IPD index and the FTSE Property index. In each case the permanent component of volatility appears small (reflected in the low signal to noise ratios), however this is consistent with the general econometric results obtained in the conditional volatility literature 15 . The next figure (Figure 4 ) plots the individual fundamental volatility measures from each univariate model together on one graph. Note that the figures display the level of fundamental volatility (in log form) estimated for each series of interest using the univariate SVM. Apart from the volatility series for the FTSE Property Index, which is nonstationary, the remaining series follow a broadly similar pattern. However, the series derived from the unsmoothed IPD index (without the assumption of market efficiency) is noticeably more volatile than the other two IPD based indices. An increase in volatility around late 1993 and early 1994 is particularly noticeable. Following this period volatility recedes until it starts to rise again in 1998. The results for the multivariate SVM referred to in equation (4) are reported in Tables 5a, 5b and 5c. The first column of Table 5a shows the estimates of the multivariate SVM with the FTSE Property index and the IPD index return log-volatility. The fundamental volatility is highly persistent, b φ = 0.92, and the SN ratios are 0.21 and 0.16 for the FTSE Property index and the IPD index return volatilities, respectively. For the case of the FTSE Property index and the IPD index adjusted with market efficiency (Table 5b) , very similar results are produced: the fundamental volatility process is persistent and the SN ratios are around 0.2. However, for the case of the FTSE Property index and the IPD index adjusted without market efficiency (Table 5c ), the fundamental volatility process is not stationary and the results in the last column of Table 5c do not reveal much about fundamental volatility. When two volatility series are used as in this study, the correlation coefficient between the two transitory noises is zero, since all common factors are extracted into the fundamental volatility. Figure 5 shows the fundamental volatilities obtained with the bivariate SVM. It provides evidence that the fundamental volatilities tend to move together. An interesting feature of the fundamental volatility measure obtained from the multivariate models is that volatility relating to the property market also rose in 1992 (as well as later in 1993-94). The univariate models discussed above only showed an increase in volatility in 1993-94. However, the fundamental volatility obtained with IPD index returns unsmoothed without efficient markets (alpha=0.2) and FT Property index returns shows somewhat different pattern. This is explained by the non-stationary property of the fundamental volatility process as shown in the last column of Table 5c .
A hypothesis test of the cross equation restriction that the coefficient φ and standard deviation of the permanent error (σ η ), in the univariate models (see equation 3), are equal across both the securitised and unsecuritised markets can be developed using a likelihood ratio test. For each case in Tables 5a, 5b and 5c the hypothesis of a common fundamental volatility process could not be rejected at the 5% significance level. The hypothesis test is
where IPD represents the three different observations based on that index (that is the original index and the two unsmoothed indices). The resulting calculated values of the test statistics are 6.34, 5.26, and 3.66 for the models in Table 5a , 5b and 5c respectively. The critical value of the χ 2 3,0.05 statistic is 7.8. This test provides some evidence to support the proposition that the nature of the fundamental volatility proces is common across the different markets.
An interesting outcome of this study has been to show that the IPD index return volatility and IPD index return adjusted with market efficiency have similar properties, whilst the exponential smoothing method with the assumption of market efficiency does show different properties.
When the stock market crash is excluded from the sample, the resulting fundamental volatility measure from the bivariate model between the IPD index and the FTSE Property index is relatively unaffected. Surprisingly, the conclusions regarding the IPD unsmooth-ing procedures and the stationarity of fundamental volatility are reversed. That is, the fundamental volatility from the unsmoothed IPD (with market efficiency) is found to be non-stationary and the fundamental volatility from the IPD series unsmoothed without the market efficiency assumption is stationary.
In light of the finding of Gyourko and Keim (1992) , data on returns in the housing market were included in a three variable model. The results are shown in Table 6 . The three variables used are the original (unadjusted) IPD Index, the FTSE Property Index and the Halifax House Price Index. The fundamental volatility process from this model is found to be highly persistence but stationary. The signal to noise ratios are lower than found in the equivalent two variable model in Table 5a . This is expected as the common volatility factor between the three markets is expected to be lower given the diverse range of influences impacting on the housing market from the commercial property market. Figure 6 plots the fundamental volatility process against that obtained from the model in Table 5a . Overall the movements of the series are similar though more damped than the volatility process for the commercial property market.
Once again a hypothesis test can be developed on the constancy of the fundamental volatility process across the univariate models, that is
The calculated value of the likelihood ratio test is 9.02 against a value of 11.1 for the χ 2 5,0.05 statistic. The hypothesis that there is a common volatility process across the securitised and unsecuritised commercial property and the housing markets cannot be rejected.
This study has not focused on the level of volatility, that is, µ. As this will be influenced by the choice of the parameter values used in the unsmoothing procedures to increase volatility to some arbitrary level. The level of volatility is important to measure risk and this will depend upon the arbitrary choice of the smoothing parameter. In this study the appropriate choice of the smoothing factor has not been suggested. Instead, the results from the analysis of the fundamental volatility between the various property index volatilities suggest that the IPD index returns or the IPD index returns unsmoothed assuming markets are efficient provide a common view of the underlying property market volatility 16 . When returns are unsmoothed without the assumption of market efficiency, the results obtained are quite different. Consistent with previous research, this study confirms that it is the equity market index volatility which includes an excessively large amount of noise.
Limitations and Further Research
Further research following on from this study will attempt to link unanticipated changes in economic fundamentals to the volatility changes observed. While it has been helpful to characterise the nature of the underlying asset class volatility a more complete understanding of the market can only be gained by considering the economic fundamentals underlying the market. This link between economic factors and volatility is especially important in risk management applications. Another area of potential future research is to investigate whether information on implied volatility derived from real options valuation of property could be incorporated as an additional measure of volatility in the commercial property market. This area of research contains potentially important information that may not be available in other recorded observations on the property market and further research is examining how best to use this information in a multivariate modelling context.
As with any empirical study it is important to interpret any conclusions drawn from the estimated results in light of data imperfections and limitations in the methodology used. In this case one source of caution relates to possible compatibility issues between data sets. In Section 4 compositional differences were highlighted between the IPD index and the FTSE Property index. While such differences are undesirable, some evidence on a common volatility factor may still be detected (as has occurred in this case), because an element of common movement between highly similar series is likely to remain.
Another limitation of this study has been the use of an AR(1) as the law of motion for the fundamental volatility process. If fundamental volatility follows a higher order process or is perhaps non-linear (due to possible changes in regimes) then the SVM will be incorrectly specified. This suggests that further consideration of the form of the volatility process may need to be investigated. However, it is noted that such functional forms have been found to perform well in many other contexts 17 .
Finally this paper has not addressed the issue of price discovery between the securitised and unsecuritised markets (Barkham and Geltner 1995) . If there are timing differences in the incorporation of the same information into the different market prices (and hence indices), then the emphasis on contemporaneous common information in this paper may be misleading. However, it is noted that Barkham and Geltner found the speed at which information is incorporated into the both markets in the UK is faster than in the US. If this is the case then errors arising from timing differences may be small 18 . 17 The AR(1) SVM form provides for an ARMA representation of the squared innovation term (essentially similar to the GARCH(1,1) process). 18 It is noted that Barkham and Geltner used annual data whereas this study has used monthly data.
Further research on differences in the timing of information absorption is continuing.
Conclusion
Understanding the nature of volatility in the commercial property market is an essential ingredient in any risk management or investment strategy. This study has identified the common volatility factor between the securitised and unsecuritised real estate market using UK data. Previous studies on volatility have related mainly to the smoothing debate and while understanding the properties of valuation based series may be important, it has been found in this study that the estimation of the underlying volatility of the property market is unaffected by the smoothness of the original valuation series (depending on the unsmoothing procedure adopted). Another important implication of this study is the preference for multivariate models incorporating information from both the returns on valuation-based series and the returns from securitised series. While additional research is continuing on statistical validation of the multivariate models, on the evidence presented, researchers are advised not to ignore the information contained in securitised returns even though such series appear excessively noisy 19 . More specifically, the statistical evidence provided in this paper shows support for the hypothesis that the nature of the fundamental volatility process underlying the securitised and unsecuritised commercial property markets (and the housing market) is the same. From the graphs presented it is clear that there are time periods when reliance on one single series may mask changes in the underlying volatility affecting the asset class.
6 Appendix Notes: The statistics in the table are for a total of 163 monthly log-volatilities for the IPD and FTSE property index log-returns from July 1987 to January 2001. For the IPD index log-returns, an ARMA(2,2) was applied to obtain residuals, whilst for the FTSE property index log-returns, the estimated mean was taken out to calculate the residuals. The two adjusted IPD index returns volatilities are calculated after the unsmoothing procedures in explained in section 4.1. For the IPD index volatility 'with market efficiency', the sample mean was subtracted to obtain the residuals, whilst for the IPD index 'without market efficiency', an ARMA(2,1) was used to calculate the residuals. Logvolatilities were calculated by taking logarithms for annualised monthly variance (i.e 12 × ε 
+ η t where V t and F V t are the observed and unobserved fundamental volatilities, µ is the level of fundamental volatility, and ϕ t and η t are the transitory noise term and permanent error term respectively. Table 3a for an explanation of other features of the table. V t = µ + F V t + ε t F V t = φ 1 F V t + η t where V t and F V t are observed and unobserved fundamental volatilities, µ is the level of fundamental volatility, and ε t and η t are the transitory noise term and permanent error term, respectively. Note that V t , µ and ε t are 2×1 vectors. 
